Objectives The aim was to longitudinally explore the healthcare, sickness absence (SA), and disability pension (DP) cost trajectories among newly diagnosed people with multiple sclerosis (MS), and investigate whether trajectories differ by year of MS diagnosis, sociodemographics, and multi-morbidity. Methods People with MS in Sweden, aged 25-60 years and with a new MS diagnosis in the years 2006, 2007, 2008, or 2009 (four different cohorts) were identified in nationwide registers and followed prospectively for 5 years, determining the annual, per patient, direct (inpatient and specialised outpatient healthcare, co-payments, and dispensed drugs) and indirect (SA and DP) costs. Descriptive statistics and group-based trajectories were computed. Results In total, 3272 people with new MS were identified. In all cohorts, direct costs increased the year after diagnosis and thereafter declined (e.g. from €8261 to €9128, and to €7953, 5 years after diagnosis, for the 2006 cohort). SA costs continuously decreased over 5 years, while DP costs increased (e.g. from €9795 to €2778 vs. from €7277 to €15,989, respectively, for the 2006 cohort). When pooling all cohorts, four trajectories of direct and indirect costs were identified. A total of 32.1% of people with MS had high direct and indirect costs, which first increased and then decreased; the contrary was seen for trajectories with low direct and indirect costs. Conclusions There is heterogeneity in the development of MS costs over time after diagnosis; decreasing cost trajectories could be associated with the use of innovative MS therapies, slowing disease progression over time.
Introduction
Through investigation of the progression of societal costs related to the healthcare resources consumed by newly diagnosed patients with chronic conditions, as well as their sickness absence (SA) or disability pension (DP), we can understand the possible progression of the burden these conditions impose on patients, and on countries' healthcare and social security budgets [1] . However, such information is scarce in the literature.
Multiple sclerosis (MS) is an often-disabling chronic disease and the main cause of non-traumatic neurological conditions in young adults. MS is usually diagnosed in ages 20-40 years. Sweden has the second highest prevalence of MS in Europe, estimated at 189 cases per 100,000 individuals [2] .
The annual MS cost of illness from a societal perspective in Sweden was approximately 3950 million Swedish krona (SEK) (€414 million) in 2010 [3] , with 75% of this cost attributed to productivity losses [3] . In addition, the cost of illness of MS has been shown to increase with disease progression [4] . While this has been recently shown by a longitudinal study in Sweden [5] , most previous findings are from studies based on small, highly selected survey data of people with MS, diagnosed several years before the start of the study [6] [7] [8] . Furthermore, those studies were crosssectional; people with MS were not followed over time with regard to cost-of-illness outcomes.
The cost-of-illness trajectories over time of newly diagnosed people with MS may differ, since this group had, from the mid-1990s, access to disease-modifying therapies (DMTs; i.e. therapies after the introduction of interferonbeta), which aim to limit disease activity and presumably slow progression. In Sweden, the societal cost of illness of MS was shown to decrease a few years after diagnosis among patients with the relapsing-remitting form of MS [9] . Knowledge on whether this decrease can be expected for all newly diagnosed people with MS, whether it differs by year of MS diagnosis, and whether it is associated with sociodemographic characteristics and multi-morbidity is, however, not available. Previous studies of healthcare, SA, and DP costs for MS have shown that such outcomes are associated with age, sex, educational level, country of birth, type of living area, family situation, and morbidity [3, 10] .
The aim of this study was to longitudinally explore the healthcare, SA, and DP cost-of-illness trajectories among newly diagnosed people with MS in Sweden, and investigate whether trajectories differed by year of MS diagnosis, sociodemographics, and multi-morbidity.
Materials and Methods
For this study, four different cohorts were established. Included were all individuals who were 25-60 years old and had their first MS diagnosis (International Classification of Diseases 10th Revision [ICD-10] code G35 [11] ) according to the National Patient Register (NPR) in 2006, 2007, 2008, or 2009 , and that year lived in Sweden.
The individuals in each respective cohort were followed prospectively for 5 years, including the year of inclusion. They were censored at the end of the year of emigration or death.
Microdata, from the following five nationwide registers in Sweden [12] , kept by three authorities, were used in the analyses:
• National Board of Health and Welfare:
-NPR: dates and diagnoses for inpatient and specialised outpatient healthcare. -Swedish Prescribed Drug Register (SPDR): dates, names, and costs, for all dispensed prescribed drugs. The registers were linked using the unique personal identity number that all residents in Sweden are assigned.
Study Outcomes
Healthcare resources consumed by people with MS, as well as their SA and DP, were calculated and then multiplied with unit costs (Table 1) to determine the cost of illness from a societal perspective.
Days of inpatient stays in hospitals and outpatient visits, derived from NPR, and the retrospective nationwide weights from the diagnosis-related groups (DRG) system were used to calculate the inpatient and outpatient costs. The specific DRG weight for each inpatient/outpatient use was multiplied with the cost per 1.0 DRG weight, for each year. Co-payment costs incurred by patients for the inpatient stays and outpatient visits were also estimated by summing the patient fees for inpatient and outpatient healthcare. The reimbursement period was assumed to start on 1 January, with these costs set to the value of the annual period co-payment ceiling in Sweden when exceeding this amount (see Table 1 ).
The cost of prescribed dispensed drugs was derived from SPDR, based on the pharmacy's retail price for each dispensed drug package that is reimbursed by the counties in Sweden, and the co-payment amount, paid by patients. Then the annual cost of drugs was calculated by summing all costs for dispensed drugs per individual during each year.
By adding costs of inpatient and outpatient healthcare, co-payments, and drugs, the total annual direct costs per patient were calculated.
For indirect costs, patients' productivity losses were measured based on SA and DP information, using the human capital approach [13] . All people living in Sweden with income from work or unemployment benefits are, from 16 years of age, covered by the public SA insurance system and can be granted SA benefits if their work capacity is reduced due to disease or injury. Day 1 is a waiting day, with 100% loss of income. After 7 days, a medical certificate is required. The employer usually reimburses income loss during days 2-14, after which SA benefits are administered by the Swedish Social Insurance Agency; for individuals on unemployment benefits; this happens from day 2 [14] . To prevent the introduction of bias in relation to employment status, only SA spells > 14 days were included.
Regarding DP, all people aged 19-65 years can be granted DP if their work capacity is reduced in the long-term or permanently due to disease or injury [14] .
Both SA and DP benefits can be granted for the full time (100%) or part of the time (75%, 50%, or 25%) of ordinary work hours [14] . This means that it is possible to have both partial SA and DP concurrently, which is why we combined them in our data to calculate the net days of SA and DP. For example, two SA days at 50% were combined to one net day. In 2012, the commonly expected age for old-age pension in Sweden was about 65 years, for both women and men.
Indirect costs were estimated based on the net days with SA and DP per year, multiplied with the age-adjusted mean salary, adding social security contributions made by employers.
All costs were inflated to 2017 prices, applying the harmonised index for consumer prices [15] . To facilitate comparability across cost-of-illness studies in Europe, costs calculated in SEK were also converted to Euros (€) in 2017 values (see Table 1 ).
The estimated cost of illness included all costs incurred for people with MS during a calendar year, irrespective of whether MS was the main diagnosis behind the costs or not. Additionally, direct and indirect costs were calculated for when MS was the main diagnosis for the respective costs.
Analyses
Descriptive statistics were calculated regarding sociodemographic characteristics, multi-morbidity, and average cost of illness per patient and year for each of the four cohorts. Student's T tests [16] were used to assess the significance (p value < 0.05) of the cost changes over time, within each cohort, compared to baseline costs (year 1, at diagnosis), and to assess the significance of the cost differences across the four cohorts.
Then group-based cost-of-illness multi-trajectories [17] were computed summing all four study cohorts, and also stratified by study cohort. The model assumes that there are distinct groups based on the developmental trajectory of the outcomes over time, and determines the maximum likelihood of belonging to a potential trajectory group for the same individual [17] .
A quadratic, zero-inflated Poisson model (please see Fig. 4 in the supplementary electronic material for more details) was used to identify trajectories with similar cost-ofillness progression, when exploring the heterogeneity in the development of cost of illness over time. To build the model utilising the Poisson distribution, direct and indirect costs were first categorised into quintiles (dataset divided in five equal parts), for each year of follow-up. The analyses were conducted using the SAS command proc traj [18] .
The number of trajectories was decided based on (1) knowledge of the observed cost of illness trends using descriptive statistics; (2) size of trajectories (the size of each trajectory group) (> 5%) [17] ; (3) difference in the Bayesian information criterion (ΔBIC)-when testing models with an increasing number of trajectories, the model with the highest 2*ΔBIC was selected [17] ; (4) highest average posterior probabilities for belonging in the trajectory (> 0.7) [17] ; and (5) odds of correct classification (> 5) [17] .
Logistic regression [19] was used to explore sociodemographic and multi-morbidity differences between the identified cost-of-illness trajectories (covariates measured at year of diagnosis: age, sex, age at diagnosis, education, country of birth, type of living area, family situation, and multi-morbidity).
Multi-morbidity at year of diagnosis was derived utilising the Rx-Risk Comorbidity Index [20] , i.e. based on the type of prescribed drugs people with MS bought, according to SPDR. Using information from the Rx-Risk Comorbidity Index, the existence of multi-morbidity (yes/no) was established, as well as whether people with MS had been diagnosed with anxiety/depression (yes/no).
The Regional Ethical Review Board of Stockholm, Sweden, approved the project.
Results
In total, in the four cohorts of people with MS first diagnosed in 2006, 2007, 2008, or 2009 , respectively, 3272 individuals were included (Table 2) . Except for the type of living area and family situation, there were no other statistically significant differences at year of diagnosis between the four cohorts regarding sociodemographic characteristics or multi-morbidity. Less than 1% of people with MS died within the calendar year when diagnosed; overall, 2% of all people with MS died during the follow-up.
In Table 3 , the estimated cost of illness for MS is presented, over the 5-year follow-up period for all four cohorts pooled and by study cohort. The main cost driver for total costs was DP, while drug costs were the most expensive component of direct costs (see Fig. 1 in the supplementary electronic material). For all four cohorts, both direct and indirect costs increased during the year after diagnosis (p value < 0.05, compared to baseline costs, i.e. at year of diagnosis). While direct costs decreased immediately afterwards for all cohorts, indirect costs remained stable for the 2006 and 2007 cohorts for at least another year (p value < 0.05, baseline = year of diagnosis). SA costs decreased over time, while DP costs increased, indicating a shift from short-term to long-term productivity losses (see Fig. 2a When pooling all cohorts, four trajectories of costs were identified. The largest trajectory included 32.1% of the people with MS and was characterised with "high direct and indirect costs" (the term "high" is chosen to give an indication of how costs are scaled in comparison with the other trajectories where direct and/or indirect costs were lower), while 19.9% of people with MS belonged to the trajectory of "low direct and indirect costs" (similarly, "low" denotes the comparison between the observed trajectories). The Table 2 Sociodemographic and multi-morbidity characteristics at year of diagnosis, when pooling all four study cohorts and also by study cohort, which were constructed based on the year people were diagnosed with multiple sclerosis (MS) a The percentages are calculated as n divided with the total number of individuals in the study population (3272 if not otherwise indicated; see other two trajectories were "high direct, but low indirect costs", to which 31.8% of people with MS belonged, and "low direct, but high indirect costs", with 16.1% of people with MS (Fig. 1) . Costs in trajectories with high direct costs first increased and then decreased over time; the contrary was seen for trajectories with low direct and indirect costs. From the trajectory analysis, no significant cohort effects were observed since similar cost trajectories were found for the four cohorts separately, except that the majority of people with MS in the 2009 cohort had high direct but low indirect costs, while only the next largest trajectory had both high direct and indirect costs compared to the trajectories observed for the three earlier cohorts (2006, 2007, and 2008) . As an example of our findings, direct and indirect cost trajectories for the 2006 and 2009 cohorts are shown in Fig. 2 ; results for the remaining cohorts (2007 and 2008) are presented in the supplementary electronic material, Fig. 3 .
Between the trajectories, several differences in sociodemographic and multi-morbidity characteristics at year of diagnosis were identified (Table 4 ). There were more women in the trajectories with high direct costs; these trajectories also had most people with MS diagnosed at a young age (less than 45 years of age), and people with MS with at least high school education; the most prominent country of birth was Sweden, and most individuals lived in big cities at the time of diagnosis. The trajectory "high direct and indirect costs" had the largest proportion of people with MS with multi-morbidity at time of diagnosis.
Discussion
In this register-based prospective cohort study, we explored, through group-based multi-trajectory modelling, the heterogeneity in the development of the cost of illness over time among newly diagnosed MS patients, and investigated whether cost-of-illness trajectories differ by year of MS diagnosis, sociodemographics, and multi-morbidity. Our findings suggest that there were sociodemographic and multi-morbidity differences between trajectories. There were no significant differences in the trajectories between cohorts, confirming our findings in each of the four cohorts and indicating that the cost of illness may be predominantly connected with disease activity and treatment with DMTs.
For 63.9% of people with MS, direct costs increased 1 year after diagnosis and thereafter decreased. A similar result has been reported in a previous study in Sweden investigating cost-of-illness trajectories of newly diagnosed patients with the relapsing-remitting form of the disease [9] . The presence of high disease activity at the time of MS diagnosis, possibly leading to other somatic or mental problems, such as anxiety/depression, etc., could explain the high MS cost of illness during the year the MS diagnosis was received, since MS costs are higher with higher MS severity and for MS relapses [4, 7, 21, 22] . This initial increase in direct costs could also be due to diagnostic procedures and the need for more healthcare visits during the first year of diagnosis. In 2005, a change in the diagnostic procedures for MS was initiated-guidelines were revised in order to enable diagnosis of people with MS at their first clinical episode and using diagnostic laboratory findings [23] . Therefore, an increasing number of comprehensive diagnostic procedures may have been performed during the first year when diagnosed with MS, leading to high cost of MS during that year. We also found that the main cost driver for direct costs was dispensed prescription drugs, in particular, MS DMTs. As three previous studies have shown [4, 24, 25] , in the last 2 decades, drugs have become one of the main cost drivers in MS; new DMTs have changed the treatment landscape of MS, decreasing the need for expensive inpatient healthcare [22] . This change could also be linked to the fact that from the 2007 cohort, direct costs were higher for each cohortan increase in the proportion of people with MS receiving MS treatment with DMTs directly after MS diagnosis could lead to the observed result. It is plausible that the need for healthcare visits among people with MS decreases after MS diagnosis and when DMTs start inhibiting relapses, resulting in lower direct costs.
Combining the other two smaller trajectories (with fewer people with MS), 36.1% had direct costs that decreased in the year after diagnosis, and later increased. The people with MS in these two trajectories were slightly older compared to those in the other two larger trajectories. More research about the mechanisms behind this is warranted.
One explanation could, for example, be that they had their diagnosis very late after MS onset and symptoms, so they had more advanced MS at diagnosis and, consequently, did not require so many diagnostic procedures to establish the diagnosis, hence, not leading to an initial increase of their direct costs as compared to the other two trajectories.
For 48.2% of people with MS, indirect costs first increased then declined afterwards. As with the interpretation of the changes in direct costs over time, the use of MS DMTs could have played a significant role in the decline in indirect costs as well, with earlier use of DMTs slowing the accumulation of MS disability [26] , hence, delaying/reducing the need for SA and DP.
Another possible explanation that needs to be considered is the general decline in the number of SA and DP days in the population in Sweden in the studied years, until 2010, and a slight increase thereafter [14] . Those changes, at the population level, are related to changes in the SA rules, introducing stricter criteria for SA and DP benefits. Additional analysis was performed to see whether the main cost-of-illness findings would still be applicable for where MS was mentioned as the main cause/diagnosis. Overall, approximately half of direct costs and even less for indirect costs were "due to MS", i.e. MS was reported as the main diagnosis. Still, this does not imply that the rest of the healthcare resources that SA and DP consumed were not related to MS symptoms/progression. Many other reasons for healthcare or SA/DP can be related to the MS diagnosis, e.g. mental disorders [27] . Also, some people might already have been on long-term SA or DP before an MS diagnosis was established, having a different diagnosis for the SA/DP spell than MS. In this case, the other diagnosis, and not MS, would be the main diagnosis of the SA/DP spell, even after MS diagnosis was established [28] .
Strengths and Limitations
The main strengths of this study are its prospective cohort design and that data from administrative registers could be used, instead of self-reported information. All people diagnosed with MS between 2006 and 2009 could be followed for several years in nationwide registers of high quality [29, 30] , eliminating the selection biases that some previous MS studies had due to recruitment of only a sub-set of people with MS [4] . For this study, it would be useful to have more years of follow-up, in order to identify any further increase or decrease of the cost of illness of people with MS over a longer period of time.
It is also an advantage that a societal perspective could be applied in this study, i.e. indirect costs were also included. High-quality information from the MiDAS register in Sweden, capturing with accuracy the number of SA and DP days per year, allowed for detailed calculations of the productivity losses of MS patients, which are considered the main longterm driver of the cost of illness of MS. However, a limitation of this study is the fact that short-term SA spells of 14 days or fewer were not quantified into indirect costs. Therefore, it is possible that we have underestimated indirect costs. Moreover, any productivity reductions while being present at work that could potentially be related to the presence of MS were not quantified. Furthermore, productivity losses incurred by partners of people with MS, i.e. informal care costs, were not included in the cost-of-illness calculations; while measuring these costs was beyond the aim of this study, they are an important cost component when defining the overall cost of illness of MS [4, 7, 8, 22] . In addition, the use of other macroeconomic indicators for defining indirect costs, e.g. gross value added, would augment the interpretation of our findings.
Another important limitation is the absence of information regarding the clinical characteristics (e.g. disease phenotype) and disability level of people with MS. Both direct and indirect costs have been shown to be strongly correlated with disability levels in previous studies [4, 7, 8, 22] . Therefore, the a The percentages are calculated as n divided with the total number of individuals in the study population (3272 if not otherwise indicated; see b ) b The total number of individuals with this type of information in the study population (i.e. all individuals excluding those with missing information in this category) was 3184 c The R2 for the full model was 0.178 differences between the observed cost-of-illness trajectories found in our study might have been further explained if such information had been available. On the other hand, it is not certain that the association of the sociodemographic characteristics and multi-morbidity with the observed trajectories would be altered had such clinical information been available. There is lack of knowledge regarding the association of sociodemographic characteristics with the clinical characteristics (e.g. disability and phenotype) of MS. Moreover, it would have been an advantage if cost information on hospital-administered DMTs (i.e. natalizumab, intravenous immunoglobulin, mitoxantrone, and rituximab), primary healthcare, rehabilitation, home help, and home investments to improve mobility was available to include in our cost-of-illness calculations. Since our focus was on newly diagnosed people with MS, when the expected main cost driver for direct costs is drugs, the absence of DMT cost information for hospital-administered drugs would play a role. In addition, information for primary healthcare visits and rehabilitation would provide a better picture regarding the cost of illness of MS patients in Sweden. These other cost components usually become more prominent with disease progression, which would have affected our trajectory analysis significantly had we had a longer follow-up.
Conclusions
In this study, register data with nationwide coverage were used to explore the heterogeneity in the cost-of-illness development over time among newly diagnosed people with MS. Not everyone had a high cost of illness of MS immediately after diagnosis, a fact that can be possibly linked to the underlying disease severity and/or treatment with DMTs, but also to socioeconomic characteristics and multi-morbidity. This information can be used when assessing the development of the cost of illness of MS in relation to disease progression, and for understanding the impact that innovative MS therapies, which can slow disease progression, have on the cost of illness of the disease.
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